Ab initio calculations have been carried out for the potential energy curves and transition moments of the ' 2 2 , '&, 2H,, and '2; states of Ar$ which arise from the z P + ' S ion-atom asymptote. These data have been used in a theoretical calculation of the dissociative absorption cross sections from the bound '2; state to the repulsive '11, and '2: states. The 22:+ 2ng transition, which is dominated by spin-orbit effects, has a maximum absorption cross section of 2.6X cm2 centered at 716 nm with a full width at halfmaximum of 185 nm at room temperature. The '2:+ '2; transition is found to be much stronger with a maximum cross section of 0.5X at room temperature. cm2 centered at 300 nm with a full width at half-maximum of 75 nm
I. INTRODUCTION
Because of their ready availability, inertness, and high stopping power rare-gas species a r e commonly used in electron-beam and high-energy discharge experiments as converters of electron energy to atomic and molecular excitation energy. High pressure rare-gas systems excited in this way have been used as efficient fluorescers and as uv g a s lasers. has been a growing interest in the use of r a r e gases as energy reservoirs with subsequent collisional transfer of the stored energy to the principal lasing component of a mixed gas laser system. This technique has been used to produce l a s e r s based on the oxygen atom 'S-'D transition in rare-gas/O, mixtures, and also i s the basis of the newly developed rare-gas/halide l a s e r systems.
More recently, there
Recently, several reports have indicated the existence of strong optical absorption c r o s s sections throughout the visible and uv in high pressure r a r e gases excited by electron beams. These absorptions act as gain inhibit o r s in electron-beam pumped rare-gas/oxygen laser systems. At high enough pressures after initial ionization of the rare-gas atoms by the electron beam transient ground state molecular ions such as Ar,', Kr,', and Xe,' a r e formed, and it has been suggested that photodissociation of these species may be responsible for at least part of the observed visible and uv absorption c r o s s sections. The photodissociation occurs by optical transitions from the bound states of these ions to higher lying repulsive states, and would therefore appear as broad-band, continuum absorptions. These bound-free transitions a r e expected in many instances to fall within the visible range of the spectrum. The present work has retained the single-configuration (restricted Hartree-Fock) representation of the molecular wavefunction as in the earlier calculations of Gilbert and Wahl. However, a more extensive basis set has been used when compared to that work, from which the Ar,' potential curves used by Miller et al. were taken.
In addition, the dependence of the transition moment on internuclear distance has been included in the determination of the absorption cross sections for both the 'E; -k g transition and the much more intense ' C;- ' C,' transition occurring at shorter wavelengths.
II. CALCULATION OF THE POTENTIAL ENERGY CURVES

A. Method
In the present work the wavefunctions and energies associated with the 'Xi, ?Ig, 'nu, and 'E; states of Ar; have been determined over a wide range of interatomic separations using standard procedures and computer programs which have been fully described elsewhere.
The basis set of Slater-type functions (STF) used in the calculations i s listed in Table I and was developed from The following single configurations were used to de-
The single-configuration wavefunctions a r e sufficient t o provide a formally correct description of the dissociation of the molecular ion into the appropriate atomic fragments, However, because of the homonuclear character of the dimer, the restricted Hartree-Fock description requires the dissociated atom and atomic ion to have exactly the same core electronic distribution. This restriction causes the computed asymptotic energy t o be seriously in e r r o r . This effect has been discussed in detail by Gilbert and Wahl in their earlier work. There appears to be some cancellation between the asymptotic e r r o r s and the molecular correlation energies which a r e not accounted for by the single configuration wavefunction. Fig. 1 we have plotted the potential energy curves derived from the total molecular energies along with the results of Gilbert and Wahl. the absorption cross-section calculations to follow, the asymptotic energies of the four states (at 20 bohr) were set equal t o zero.
In the plot, and in al h a r t r e e = 2 7 . 2 1 2 eV=219475 cm-'.
bl bohr = 0.5291772 x lo4 cm. These results show that the X 2 C : state exhibits an attractive potential, bound by about 1 -2 eV at the equilibrium interatomic separation of 4, 65 bohr. This i s consistent with earlier calculations of Gilbert and Wahl, who obtained values of De = 1 . 2 5 eV and R, = 4 . 6 bohr.
These values are also in agreement with the low-energy elastic differential cross-section results of Lorents et al, , a whose rainbow scattering data were consistent with a well depth of 1 . 2 5 eV and an equilibrium separation of 4 . 6 bohr, and with the potential curve derived from the ion-atom scattering data of Mittmann and Weise, who found values of De = 1 . 3 4 eV and Re = 4 . 6 bohr. The experimental data a r e not sensitive in f i r s t order to the value of Re.
the ' E: ground state in the order 'ng, 'nu, and ' E;. The 'IIg state has a shallow minimum equal to = 0.06 eV at 6 . 4 bohr. This is entirely reasonable when compared with the value of 0.25 eV estimated for the corresponding 'ng state of xei. '' state a r e allowed to the repulsive 211g and 2 C i states. The arrangement of the potential curves in Fig. 1 shows that these transitions should be broad-band continua, widely separated in wavelength, 
where IO, 0, 0, 0) i s the ground state argon atom, A and B r e f e r to the two nuclear centers, and the + and -line a r combinations refer to the gerade and ungerade Ar,' states, respectively.
The toal molecular electronic Hamiltonian is
where H A , i s the spinfree Hamiltonian used in the calculations described in the sections above, and H,, i s the molecular spin-orbit operator which in the PAW approximation i s simply a sum of the spin-orbit operators for each atom
(II. 4 )
The matrix elements of the atomic spin-orbit operators a r e given by F o r Ar', with five equivalent p electrons, we can write V,,=ffL. s .
(no 6)
The spin-orbit coupling constant a may be obtained by fitting the observed splitting of the 'P3/ ' 
where ( L , S, JI A, C, 52) a r e the Clebsch-Gordan coefficients and 51 = A + C.
A t this point it i s easy to set up the total molecular electronic Hamiltonian matrix in the PAW approximation.
Eq. (n. 2) we have
Using the molecular wavefunctions as given by 1521 = $ E ( 2 r I ) -+ f f &ff
where E(211) and E ( 2 C ) a r e the eigenfunctions of H A , which have already been calculated for several internuclear separations, and a is the atomic spin-orbit matrix element which i s assumed to be independent of internuclear separation. This matrix obtains f o r both the gerade and ungerade states. The eigenfunctions of Eq. Table III . Although the mixing is very small, it has a significant effect on the computed absorption cross sections for the C -II transition as discussed below in Sec. IV.
TRANSITION MOMENTS
With the potential energy curves for each state well characterized as a function of internuclear distance the dipole transition moments were then evaluated as a function of interquclear distance for the 'Xi -' I I , and 'C: -'X' transitions, which a r e of primary concern, and f o r the [nu-'IIr and 'numents were evaluated in the dipole length form, and a r e tabulated in Table IV. transitions as well. The mo- Small deviations do occur because the p orbitals a r e distorted slightly by charge-induced dipole effects. The exact transition moment at large R would deviate significantly from this simple R / 2 relationship because of configuration interaction and spin-orbit mixing.
Our results for the 'E:-'rIg transition moment can be compared t o the calculations of Miller et al. they didn't explicitly evaluate the transition moment from molecular wavefunctions, they estimated that a value of I p 1' = 0.0045 a. u. l 3 (1 a. u. = 6.45 D2) i s necessary to achieve agreement between theoretically and experimentally determined cross sections for the 'C; -'Ha transition, Our computed value for I p I ' near Re of the 'C; state i s 0.00137 a. u. Our value does not include spin-orbit effects, which are substantial for this transition as indicated below. The transition moment of Miller et al. implicitly includes spin-orbit effects since it was derived from experimental data.
Although
IV. ABSORPTION CROSS SECTIONS
A. Method
Given the potential energy curves and transition moments f o r the states in question computing the absorption c r o s s sections i s a straightforward task if the vibrational and continuum wavefunctions can be generated. The theory outlined below shall be formulated to include the effects of spin-orbit mixing between the ' C and 2rI states. For a n isolated diatomic molecule the total parity P and the total angular momentum J (electronic +spin +nuclear rotation) and its space-fixed projection M are exact quantum numbers. Let u s assume also that the molecule-fixed projection 52 of electronic angular momentum (space and spin components) i s a n approximately good quantum number. States of the same 52 a r e mixed by spin-orbit coupling, whereas states differing in 52 by i 1 are only mixed by electronic-rotation and spin-rotation coupling terms. These latter t e r m s a r e both approximately proportional to BeJ, where Be i s the equilibrium rotational constant of the molecule. Since
BeJ5 10 cm-'l for thermal J's in Ar, ' and since the spinorbit matrix elements in Ar,' a r e of the order of 10' cm-', it i s safe t o neglect rotational uncoupling effects in comparison to spin-orbit mixing in calculating photodissociation c r o s s sections for sufficiently low temperatures, say T' 1000 K. Thus, the spin-orbit effects can be approximated as in Sec. lIC. 
and for 52 = $ -52' = $ transitions
S ( J V~-J '~,~) = ( J~J '~~~~)~~(~J~T~~E , J ' )~~
, (IV. 8) where the t e r m s (JlJ' 152152') and (JlJ' 152052' ) are the Clebsch-Gordan coefficients. The matrix elements of the molecule-fixed electronic dipole operator for the Since 52' is assumed to be a good quantum number, the Tl and Ti components of the 2C:-'nr transition a r e independent. An interference between the Tl and Ti components would occur at very large J ' due to the neglected spin-rotation (J S) terms which would mix 2n,,1/z and 2U8,9/2. This effect is not being considered in the current approximation due to the smallness of the spinrotation matrix element. 
The expressions (IV. 7) and (IV. 8) can be greatly simplified by two additional approximations. First, assume the matrix elements ( v J I TI c J ' ) a r e independent of whether J' = J or J i 1. This is a quite good approximation for Ari. Then the summation over J ' can be carried out using the orthogonality properties of the This approximation is checked numerically in a section below.
These approximations lead to the expression
where S is given by Eqs. (IV. 14) and (IV. 15). Since it is a good approximation to write QT = 2QVibQrot, where the factor 2 is due to the nearly degenerate opposite parity sublevels of the state, w e see immediately that Absorption cross sections for the 2p"t-2nr transition erated by the method of Gordon14 using the potentials shown in Fig. 2 . state is 300 cm" in all the calculations described below. The effect of spin-orbit coupling was investigated by setting the coefficients a and a' equal to one and the coefficients h and h' equal to zero. Figure 4 shows the results of our absorption crosssection calculations for the ' E:- transition, yield a sum which i s almost equal to the r esult without spin-orbit coupling. However, the To component, which is entirely due to spin-orbit effects, dominates the total calculated cross section, To includes the ('Zcg'I po I'Z;) and ( I bo I' II,) transition moments as shown in Eq. (IV. 12a). Although these transition moments a r e multiplied by small coefficients, their magnitude causes them to be substantially more important than the ('Ccg' I p1 1'IIU> moment which is multiplied by a factor near unity.
B. Results
The
Even with spin-orbit effects included the total calculated cross section i s seen to be in serious disagreement with experiment (about a factor of 3)-There a r e several possible explanations for this disagreement. The calculated potential energy curves could contain e r r o r s that would cause the calculated absorption profile to shift to the red, thus bringing the left hand limb into better agreement with the experimental data. However, recent continuation of the experimentsi5 has allowed estimates The vibration constant w e for the ' E: XA +' 11, transition of the peak of the profile to be made. The experimental peak is at 716 nm, which i s in near-perfect agreement with the calculated maximum. Hence, shifting of the potential energy curves to obtain agreement seems unlikely.
A second possible source of e r r o r is the assumption that the spin-orbit matrix element in Eq. (11.8) i s independent of internuclear separation. There are two possible effects which could make this assumption invalid. First, the spin-orbit coupling constant Q could change with R due to orbital distortion and two-center effects. However, since the principal part of CY i s an integral over r3, where r i s the electronic coordinate, the integrand should be highly localized and should deviate significantly from the atomic value only at very small internuclear separations. Second, the expectation value of 1,. si f o r each electron can vary with R due to changes in the p character of the orbitals in the molecular over- Ci-C; and 2rI,-2n, transition moments. Higher J values tend to broaden the red side of the profile slightly. The effect is small, however, and we a r e confident that the neglect of rotational effects as in Eq. (IV, 15) i s a good approximation.
Unfortunately, there a r e no published measurements of the uv absorption cross section in A r i with which we can compare our data. Since the results for the visible band a r e in good agreement with experiment s o far as wavelength is concerned, we feel that the position of the uv band i s also reliable. Spin-orbit effects a r e insignifstate are populated.
2; + ' X$ transition
The effect of spin-orbit coupling on the to believe that the transition moments could change significantly for a more sophisticated calculation of the wavefunctions. If all of the e r r o r in the visible absorption band were ascribed to the transition moments, then w e would have to conclude that the uv cross sections are too large by a factor of 3. More importantly, however, it is difficult t o imagine any corrections which would cause the calculated cross sections to become larger.
The Ar,' uv absorptions a r e very important in the modeling of rare-gas halide laser systems" where argon is used a s t h e primary buffer gas, KrF, XeBr, XeC1, and XeF all lase at wavelengths which are encompassed by the Ar,' uv absorption profile. Thus, their potential efficiencies and scalabilities a r e seriously affected by the results given here.
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V. CONCLUDING REMARKS
It has been shown via direct ab initio calculations that there a r e no significant visible absorption cross sections involving the 'C; ground state of Ar;. A maximum cross section of 2 . 6 X lo- '' cm2 at 300 K for the 'Xi-'IIa transition centered at 716 nm has been calculated, which is about a factor of 3 larger than the experimental mea- 
